Abstract: To clarify the effects of changing shift schedules from a full-day to a half-day before a night shift, 12 single nurses and 18 married nurses with children that engaged in night shift work in a Japanese hospital were investigated. Subjects worked 2 different shift patterns consisting of a night shift after a half-day shift (HF-N) and a night shift after a day shift (D-N). Physical activity levels were recorded with a physical activity volume meter to measure sleep/wake time more precisely without restricting subjects' activities. The duration of sleep before a night shift of married nurses was significantly shorter than that of single nurses for both shift schedules. Changing shift from the D-N to the HF-N increased the duration of sleep before a night shift for both groups, and made wake-up time earlier for single nurses only. Repeated ANCOVA of the series of physical activities showed significant differences with shift (p<0.01) and marriage (p<0.01) for variances, and age (p<0.05) for a covariance. The paired t-test to compare the effects of changing shift patterns in each subject group and ANCOVA for examining the hourly activity differences between single and married nurses showed that the effects of a change in shift schedules seemed to have less effect on married nurses than single nurses. These differences might due to the differences of their family/home responsibilities.
Introduction
Many researchers have reported that nurses find it stressful to deal with work duties and night shifts in shift work, with reported problems including burnout, fatigue and depression [1] [2] [3] [4] . Most Japanese hospitals utilize an irregular three-shift system with backward rotation, and a short cycle and short period between shifts 2) . Occasions when nurses must work a night shift after a full-day of work that does not allow sufficient time for rest and sleep commonly occur in these work schedules. The result of this causes strain on social and family life as well as health problems [5] [6] [7] [8] . In order to reduce the strain caused by a rotating night shift, some investigators have proposed ways to plan shift 9, 10) . It was recommended that night shifts should be reduced as much as possible, a forward rotation of shifts should be preferred to a backward rotation, the rotating shift cycle should not be too long and should contain few consecutive night shifts, and the intervals between shifts should be long enough for sufficient rest and preparation. There have been few studies concerning the conflict between the demands of household and social life, however 8, 11, 12) . Several studies have indicated that scheduling a nap period in preparation for an all-night work shift can result in increased alertness and performance under experimental conditions. Kobayashi et al. reported the physiological and psychological effects on single nurses of changing from a full-day to half-day shift before a night shift 13) . However, there has been no determination as to whether or not these findings are applicable to married nurses with small children. We hypothesized that nurses with children would be less likely to have free time for rest and sleep than colleagues without children due to greater family-home responsibilities.
The purpose of this study was to assess the effect of changing the shift pattern from a full-day to a half-day before a night shift (i.e., the normal daily schedule of a night shift after a full-day shift to a night shift after a half-day shift, the experimental shift used for this study) in single nurses and married nurses with children, and to clarify the differences in the effect between single nurses and married nurses with children based on daily schedule changes recorded from physical activity trends monitored by physical activity volume meter. All of the nurses worked in the same 1,200-bed, private university hospital in Aichi Prefecture, Japan.
Subjects and Methods

Subjects
The 625 nurses in this study worked an irregular, rotating three-shift cycle (day shift 0830-1630, evening shift 1630-0030, night shift 0030-0830). There were only about 50 nurses who engaged in shift work while raising children aged 10 yr or less. Subjects who reported taking any drugs that might affect their health condition or whose menstrual cycle had been irregular for the past 3 months were excluded from this study. Eighteen nurses, comprising 12 single nurses and 6 married nurses with the demands of parenting children aged 2-15 yr old (mean age 6.4 yr, average number of children 1.8), were recruited randomly from among the 6 different wards where nurses agreed to participate in the conventional daily shift (night shift after a full-day shift) and the experimental shift (night shift after a half-day shift), in which night shift fatigue might be decreased. None of the subjects were taking any medications, and all were non-smokers. We explained to all subjects the details of the study, and obtained informed consent from each.
There was a significant difference (p<0.01) in mean age of the 12 single nurses (24.8 ± 2.8 yr old, mean ± S.D.) and that of the 6 married nurses (32.5 ± 3.7 yr old, mean ± S.D.), which cannot be controlled even though the subjects were selected randomly, since the sample population basically differed in age. The statistical analysis was therefore performed with adjustments for age.
Measurement
Measurements were obtained during 2 shift schedules: a night shift after a day shift (D-N), and a night shift after a half-day shift (HF-N). The day shift was from 0830 to 1630, the night shift from 0030 to 0830, and the half-day shift from 0830 to 1230 (Fig. 1) . The day before measurement began was a holiday. The subjects were randomly measured to avoid time-dependent adaptation effects. Measurements were taken between the 5th and 10th d of each menstrual cycle. The usual daily activities of subjects were not restricted and were recorded by a physical activity volume meter (Mini Motion Logger, AMI Co., USA) similar to a wristwatch. This meter counts serial arm movements greater than 0.1 G every 10 s. Data were collected and integrated in a personal computer. The measurements taken by the physical activity volume meter were used as parameters for the physical activity level and to identify sleep and wake-up time before the night shift. Start and end of sleep time was determined by a self-report questionnaire and the physical activity volume meter, which e.g., the obtained times indicating when physical activity levels remained flat at a low level.
Statistics
Statistical analysis was performed using the SAS software (version 8.02, SAS Institute Inc., Cary, NC), and a probability value of 5% or less was considered significant. We used time-repeated measures analysis of covariance (repeated ANCOVA) to evaluate the effect of changing shift and the demands of parenting children. Age was used for covariance. The paired t-test were used to compare the effects of changing shift patterns (from the D-N to the HF-N shift) in each subject group, and analysis of covariance (ANCOVA) were used to compare single and married nurses for each of the hours physical activities in both shift patterns with control for age by GLM procedure. Table 1 shows the effects of shift and condition of being married with children to physical activity trends derived from statistical analysis, where the time-repeated measures analysis of covariance with age (repeated ANCOVA by GLM procedure) to consider time effects and the significant difference of age between subjects groups. The effects of both shift schedules (D-N and HF-N) and married with children (single and married with children) were significant. However, two-way interaction between shift schedules and conditions of being married was not significant.
Results
The time-repeated measures analysis of variance (repeated ANOVA) was used to assess the effects of marriage with children in each shift pattern ( Table 2 ). The effects of marriage with children on physical activity trends showed significance during the rest time between the shifts only in the HF-N (p<0.05), however the significance was not accepted with considering the effect of age (repeated ANCOVA).
The average physical activity levels for each hour are shown in Fig. 2 for D-N and in Fig. 3 for HF-N. Significant differences in physical activities between single and married nurses during the D-N shift were found to be at 0900, 1000, 1100, 1300, 0400 and 0600 those were in the day and the night duties. However, physical activities for both groups were almost the same, except during the preparation time before a night shift. The physical activities of married nurses before a night shift decreased in parallel about 1 h later than those of single nurses, and the bottom of physical activities was found to be at 2200.
In the HF-N shift schedule shown in Fig. 3 , the physical activities of single nurses decreased at 1400 after their halfday shift, which started earlier, 1800, than the dayshift in the D-N shift schedule. For single nurses, significant differences between the D-N and the HF-N shift pattern existed at 1500 (paired t-test, p<0.05), 1600, 1700, and 1800 (p<0.01). These times are thought to have been spent for 
Fig. 2. Changes in physical activity in the D-N shift pattern (mean, S.E.).
rest before night duty. Conversely, the effect observed in single nurses from this shift change was not seen in the married nurses, despite the different shift schedule. A significant difference between shifts for married nurses was found only at 1700 (paired t-test, p<0.05). After the duty of half-day shift, the physical activities of married nurses differed from those of single nurses at 1600, 1900 and 2200 (p<0.05), during which they are believed to have been active doing housework, childcare, etc. The bottom of activities in single nurses was at 1700 in the HF-N but at 2100 in the D-N. However, the bottom in married nurses occurred at 2200 in both shift schedules. The durations of sleep and wake-up times before a night shift that were obtained from the physical activity records are shown in Table 3 
Discussion
In this study, physical activity levels were recorded for 24 h to identify the time of rest or sleep in 2 different shift work schedules: an all-day shift followed by a night shift, which commonly occurs in the work schedule of Japanese nurses; and a half-day shift followed by a night shift, which was devised experimentally to decrease the stress of night shift work. To detect the precise time of sleep, an objective method such as using a physical activity volume meter was deemed to be more accurate than a subjective method such as a self-report questionnaire, in order to avoid overestimating or underestimating the quantity of sleep.
The results showed that the effect of a shift-change was to prolong sleep time by about 80 min in singles nurses and about 60 min in married nurses, although sleeping time before a night shift for married nurses was shorter than that for single nurses for both shift schedules (about 45 min for D-N and about 20 min for HF-N), and to make sleep-in time earlier for both subject groups. Moreover, wake-up time before a night shift became about 1 h earlier for single nurses. The change from a full-day shift to a half-day shift was found to have considerable effect on rest before the night shift for both single and married nurses 13) . However, the effectiveness of changing shift schedules was observed to be less in married nurses than in single nurses, as wake-up time did not become earlier for married nurses with children and as the physical activities at rest time in the HF-N was influenced by the factor of being married with children. The increased free time created by changing shift schedules may be insufficient for married nurses to rest before beginning night work. To fully asses the influence of stress from working night shifts and the effects of changing shift schedules, more measurements than were evaluated in this study, such as of autonomic nervous system functions, serum hormone level, mood states 13) , may be needed. One of the factors the devised experimental shift schedule (HF-N) least improved for married nurses may have been the burden of household duties and caring for their children. There are few studies on women who perform shift-work that take into account the family-home environment, e.g., their responsibilities in caring for a child and/or an elderly relative [14] [15] [16] [17] [18] . These findings indicated that family responsibilities affect the quantity and quality of sleep/naps and alcohol use in married nurses with small children, and that married nurses with children needed more support with work schedules as well as social facilities and co-worker support 15, 17, 19, 20) . In Japan, employment was expanded for women by revision of the political legislation in 1999 (1999 Labor Standards Law, 1998 Law for Equal Employment Opportunity of Men and Women), which allowed women to work a night shift just men. The majority of women with small children, however, withdraw from the work force, which reflects the traditional pattern of women's participation in the labor force. In consideration of the strain faced by women who engage in shift work, more attention should be paid to their home-family demands and the conflict between their work and family roles.
Another factor may be age. Older women have been reported to have difficultly in falling asleep 21) and in adapting to night shifts, and to be more vulnerable to stress 6, 15) . In this study, there were significant differences between the mean age of single and married nurses (p<0.01), which was a limiting factor even though we used a procedure for statistical analyses that accounts for significant differences in age. It has been reported that Japanese women retire from their job after becoming pregnant. As there were few married nurses with children and few single nurses of the same age as the married nurses with children, it was difficult to control for age. Although we used the statistical procedure with controlling for age to solve this problem, the excess controlling for age may underestimate the effects of being married with children (Type II Error). Considering that physical activities used in this study were less influenced by age than other physical measurements such as heart rate or blood pressure, the results of this study including the factor of age, without adjusting for age, might show more appropriate real facts.
The results of this study are limited to nurses and no consideration was made of how to use the excess time derived from changing the shift schedule and no other measurements were taken concerning physiological states. However, the results found here may contribute to the recognition that social environment or home-family tasks should be taken into consideration for shift workers in a wide range of occupations.
